ABSTRACT
Introduction
Plant embryogenesis and development is a particularly complex process. Plantlets can be obtained by normal zygotic pathway or from somatic or androgenetic cells (2) . Plants are unique in their ability to produce somatic embryos (6) . Somatic embryos are both structurally and physiologically similar to zygotic embryos, but differ in lack of protective seed coats and nutritive accessory tissues (7, 8) .
Culture medium is a factor of main importance for the realization of the regeneration ability of plant tissues and organs. Among its components the carbohydrate is the main component for carbon metabolism and its type and concentration play important role. Sucrose is the carbohydrate preferably used in different concentrations in the culture media for grape somatic embryo induction and development. For V. vinifera L. the effect of the carbohydrates sucrose, glucose, maltose, galactose and mannitol on somatic embryogenesis was reported only for anthers (1) .
The aim of the present study was to establish the effect of different carbohydrates on the process of embryo formation from isolated ovules/ seed buds of seedless grapes by direct germination of the zygotic embryo or somatic embryo development.
Materials and Methods
Grape berries of seedless cultivar Russalka 3 were collected from self pollinated inflorescence 60 days after blooming and stored for one week at low temperature (2-4 ºC). Surface sterilization was performed by washing for half hour on tap water with commercial detergent, followed by 0.3% HgCl 2 for 10 min and rinsed 3-5 times by sterile destilated water. Then seed-buds were isolated aseptically and put on culture media based on MS (11) with addition of different growth regulators reported as effective for grape somatic embryogenesis in liquid culture (13) ( Table 1 ). The effect of four treatments supplemented with different carbohydrates ( Table 2 ) was compared. The control medium with sucrose (I3) is based on modification of medium previously reported by Tsolova et al. (1994) . Each treatment consisted of minimum 5 replications (Petri dishes) with 25 explants.
All cultures were stored in growth chamber with 24 ºC±1 for 90 days in dark and subsequently transferred to light with 16/8h (day/night) photoperiod and 2500 Lux intensity of white fluorescent lamps (Philips). After the dark treatment the percentage of explants formed callus, somatic (SE) and zygotic (ZE) embryos were counted. Determination of the type of the formed embryos (SE or ZE) was done visually.
Results and Discussion
Based on the results established in set of preliminary experiments (data not shown) with I3 medium the effect of sucrose was determined and we decided to optimize the process of somatic embryo formation by application of other type carbohydrate sources. All cultures were kept for 90 days in dark. Then the explants were observed and transferred to fresh culture media and light conditions. The influence of the carbohydrates in different culture media on the regeneration ability of the studied genotype was defined and the results are presented in Table 3 and Fig. 1 . Callus formation was observed in all the treatments. Concerning the effect of the carbohydrate source increased calli formation (totally 65.74%) was observed in all media with the supplement of Glucose+Fructose combination (GF) and sorbitol (S) -totally 59.70% in comparison with maltose (M) -totally 29.09% only. In the control medium with sucrose (I3) the callus formation was up to 40 %. Growth regulator combination also influenced the process of callus formation. The highest percentage of explants forming callus was established on medium ICI, respectively 69.6% with GF and 68.4% with S. The lower percentage (35.5%) of the explants formed calli in the treatment ICI with maltose (M). Somatic embryo (SE) formation followed the pattern of direct process. Data from the first observation (Table 3, Fig. 1) showed that GF combination was the best for somatic embryo induction and development. GF application resulted in the development of direct somatic embryos in totally 12.17% of the explants cultured on different media. The percentage of directly developed primary somatic embryos was 18% on I1 medium, followed by I2 medium (10%) and ICI (7.2). In the other treatments with sorbitol and maltose the frequency of direct somatic embryo formation was lower, respectively an average of 3.11% with S and 2.54% with M containing media. Generally, the process of germination of somatic embryos and regeneration into plants also is low for most species (9) . Within ten days after the transfer to fresh culture medium and exposure to light the appearance of anthocyanin on some of the calli was observed. Most of the primary SE started to produce clusters of secondary somatic embryos and this process was determined as repetitive somatic embryogenesis ( Fig. 2A) . Similar progression of polyembryony was also reported for 9 grape varieties including the studied genotype Russalka 3 (14) . The effect of the carbohydrate on somatic embryogenesis in grape was studied only from anthers (1). Authors concluded that sucrose produced the highest callus formation followed by sucrose + mannitol, glucose and maltose. Mannitol did not support callus formation. Somatic embryogenesis occurred on the sucrose-and glucose-supplemented media. In cv. Reichensteiner, carbon source also significantly affected callus formation and somatic embryogenesis, which again occurred on sucrose-and glucose-supplemented media. However, embryogenic efficiency and embryo germination were higher among embryos cultured on glucose than on sucrose containing medium (1) .
The type of carbohydrate is species and genotype characteristic. However, Druart (3) reported that for the Prunus rootstock Inmil-GM9, maltose is the best carbohydrate for somatic embryogenesis in the media with/ without growth regulators. Increased regeneration frequency was demonstrated with application of Sorbitol or Sorbitol+Sucrose combination in apple (4, 12, 15) , plum (16) and for micropropagation of apricot (10) .
In contrast, our results showed that for the studied seedless grape genotype Russalka 3 the combination Glucose+Fructose was the best carbohydrate source. We suggest that replacement of Sucrose with its components Glucose and Fructose as mono saccharides, but with prevalence of Fructose, which corresponds with the natural content of "soluble sugars" in grapes gives opportunity for conditioning and optimization of the factors allowing the realization of the regeneration program. Zygotic embryo (ZE) formation was determined visually. Direct development of ZE was observed in all the treatments and different media simultaneously with callus and SE formation. Zygotic embryos developed directly from the seed-buds and formed elongated hypocotyls and green cotyledons. After transfer to light conditions the hypocotyls turned green and rapidly advanced to green plants. Each seed bud produced single plant only. Green plants were obtained from SE and ZE. Data presented in Table 3 are based on the counted green plants obtained only from SE. The highest percentage of primary SE converting to green plants was established for the GF treatment on media ICI and I1 (8%). After two months culture in light the formed embryos developed yellowish-green cotyledons (Fig. 2B ) and converted to green plants (Fig 2. C-D) .
Within the genus Vitis there are marked differences among genotypes and among tissues in regenerative competence in vitro (13) . The biochemical nature of regenerative competence and how carbohydrate source contributes for the realization of the developmental program in vitro is unknown and no information available which may account for differences in behavior in species, cultivars and tissues. In practical term the choice of the carbohydrate is of particular importance for the efficient regeneration, therefore we suggest that for the optimization of the process of de novo regenerated plants is necessary to come from the established for the species natural content of carbohydrates.
